Abstract
Introduction
Mohanraja et al. have been reviewed energy and exergy analysis of refrigeration, air conditioning and heat pump systems using artificial neural networks. Their study shown that ANN method has given satisfactory results for air conditioning and heat pump systems [1] . Zhao et al. have used a model-based optimization method for vapour compression refrigeration cycle. They have used modified genetic algorithm as optimization method. Modified genetic algorithm results have compared with traditional methods. As a result of study, they have shown that data obtained from their study is suitable for actual systems [2] . Sanaye and Asgari were investigated performance of the thermal modelling of gas engine driven air-to-water heat pump system with engine heat recovery heat exchangers for the heating mode of operation. In their study, artificial neural network and the multi-objective genetic algorithm optimization method were used to prediction of thermodynamic characteristics of system components. Results of study were compared with experimental data. Their results showed that acceptable for operating pressure, gas engine fuel consumption, outlet water temperature, engine rotational speed, and system primary energy ratio [3] . Kamar et al. have made to estimation cooling capacity, compressor power input and the coefficient of performance of the automotive air-conditioning system for passenger car using artificial neural networks model. They have constructed experimental system for this study. The experimental system was operated at steady-state conditions. And they have changed the compressor speed, air temperature at evaporator inlet, air temperature at condenser inlet and air velocity at evaporator inlet. Root mean square error (RMSE) was obtained in the range of %0.33-0.95 and mean square error (MSE) were obtained between 1.09x105 and 9.05x105 in their study [4] . Esen and Inalli have been examined to estimation of performance of a vertical ground source heat pump system with artificial neural network and an adaptive neuro-fuzzy inference system. Esen and Inalli have compared that obtained data from artificial neural network and an adaptive neuro-fuzzy inference system. Their results showed that adaptive neuro-fuzzy inference system (ANFIS) method has given more consistent results for estimation of performance of vertical ground source heat pump system [5] . Şencan et al. have used artificial neural network method for determination of thermophysical properties of refrigerants. These properties are heat conduction coefficient, dynamic viscosity, kinematic viscosity, thermal diffusivity, density, specific heat capacity of refrigerants. They worked on five refrigerants. Five refrigerants are: R413A, R417A, R422A, R422D and R423A. As a result of their study, they have derived an equation for estimation of thermodynamic properties of the refrigerants [6] .
In the literature, experimental studies on optimization of refrigeration system with two-stage and intercooler are very limited. In this study, refrigeration system with two-stage and intercooler were optimized using fuzzy logic and genetic algorithm.
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Solkane Program
The necessary thermodynamic properties for optimization were calculated by Solkane program. Solkane program is a powerful calculation program for thermodynamic properties. It calculates the thermodynamic substance data and transport properties of all refrigerants and some CFCs. It contains modules for the calculation of a total of 7 different ones and two-step cycle processes and for dimensioning of a refrigerant's pipe lines. Besides, Solkane program contains 5 different cooling cycle and 2 different Rankine cycle in the program structure [10] .
Fuzzy Logic
Fuzzy Logic can be described as expression of uncertainty and solid mathematical a scheme that established to work with uncertainty. As is known in statistics and probability theory, works with certainty not with uncertainty. But, environment in which people live is filled with more uncertainty. So, should work with uncertainty for in order to understand mankind's the ability to draw conclusions.
In the logic of Aristotle are black or white. In the real world, you cannot find the full black or full white. Fuzzy logic almost exclusively works with grey in accordance with the real life. There are black or white in extreme cases. Complex systems are difficult controlled and modeling with classical logic methods. Fuzzy logic that people are relieved of the obligation and provide the ability to define a more qualitative.
Fuzzy Logic is used for applications such as cameras, washing machines, air conditioning and automatic transmission lines. Furthermore, it is used in space exploration and aerospace industries. A fuzzy logic model consists of four components. These components are fuzzifiers, the inference engine, the defuzzifier and a fuzzy rule base ( Figure 1 ).
In the fuzzy logic, -and method‖, -or method‖, -implication‖, -aggregation‖ ve -defuzzification‖ are used as -min‖, -max‖, -min‖, -max‖, -centroid‖. The Mamdani method was applied. The fitness function of all variables in fuzzy logic is chosen as "trimf". 
Genetic Algorithm
The genetic algorithm is a method for solving both constrained and unconstrained optimization problems that is based on natural selection, the process that drives biological evolution. The genetic algorithm repeatedly modifies a population of individual solutions. At each step, the genetic algorithm selects individuals at random from the current population to be parents and uses them to produce the children for the next generation. Over successive generations, the population ‗‗evolves'' toward an optimal solution [9-] . Basic flow chart of Genetic Algorithm was given in Figure 2 .
Genetic algorithm procedure is as follows;
Step 1. Start: Initial population is created after N chromosomes with m pieces individuals are produced as randomly for to solve of the problem. Or, the initial population may also be created from specific individuals.
Step 2. Fitness: Objective function is calculated for each individual in the population.
Step 3. New population: Following steps are repeated until the formation of a new population; a) Selection: According to the fitness value of the objective function selected individuals from the population are thrown into the match's pool for crossover. Step 4. Replacement: Consisting new population are sorted according to fitness value and until the number of individuals in the population is assigned as the new initial population. Fig.2 . Basic flow chart of Genetic Algorithm [7] Step 5. Test: If the program finishing requirement is happening, the program is stopped.
Step 6. Cycle: Otherwise, the program go back to step 2.
Results and discussion
In this study, refrigeration system with two-stage and intercooler were optimized by using fuzzy logic and genetic algorithm. The required thermodynamic characteristics for optimization were estimated with Fuzzy Logic and these values were compared with actual values.
Input-output parameter used in fuzzy logic was given in Figure 3 . MATLAB Fuzzy Logic Toolbox is used for estimation for thermodynamic properties in the study. Optimum working conditions of refrigeration system with two-stage and intercooler were determined in order to obtain maximum cooling coefficient of performance (COP) by the Genetic Algorithm. The objective functions used in Genetic Algorithm are:
(1) Figure 8 shows results of genetic algorithm for the condenser temperature with COP value. Evaporator temperature is constant. Figure 9 shows results of genetic algorithm for the evaporator temperature with COP value. Condenser temperature is constant. Genetic algorithm results for irreversibility values depend on condenser and evaporator temperatures are shown in Figure 11 . In this study, irreversibility rate was 0.45 kW as the highest value. In the Pareto analysis, optimum values of refrigeration system were forecasted by the Genetic Algorithm as 5.98 for COP, 0.167 kW for irreversibility rate. 
Conclusions
In this study, refrigeration system with two-stage and intercooler were optimized using fuzzy logic and genetic algorithm. The necessary thermodynamic characteristics for optimization were forecasted with Fuzzy Logic and these values were compared with actual results. As results of this study, optimum working condition of refrigeration system was estimated by the Genetic Algorithm as -6.0449 o C for evaporator temperature, 25.0115 o C for condenser temperature and 5.9666 for COP. Moreover, irreversibility values of the refrigeration system were calculated and irreversibility rate was 0.45 kW as the highest value. This work shows that Genetic Algorithm can use for determining optimum working conditions of the refrigeration system with two-stage and intercooler.
From the literature review aforesaid above, it is seen that basic computational intelligence techniques are used in the transcritical CO 2 one-stage vapor compression cycles. However, an ANN method has not been carried out for the coefficient of performance (COP) in the transcritical CO 2 one-stage vapor compression cycles yet. This paper is focused on the applicability of ANN methods for estimation the coefficient of performance (COP).
